ABSTRACT. This paper elaborates an integrated framework for understanding diffusion as a process of creative adoptions in the business sector. Within the context of the economics of localized technological change, adoption is viewed as a complementary component of a broader process of adjusting the technology when unexpected events in the product and factor markets push firms towards a creative reaction. When the stock of adoptions exerts a suitable combined effect both on the gross profitability of adoption and on the costs of adoption, such that the net profitability of adoption and hence the rates of new adoption follow a quadratic path, the dynamics of creative adoption can engender a S-shaped diffusion process.
Introduction
The study of technological change has made many progresses by means of artificial disjunctions between aspects that it is difficult to separate. The traditional divide between innovation, adoption and diffusion can be reconciled in the context of the economics of localized technological change, focusing the analysis of the determinants of the adoption process.
The new attention to the active role of consumers and user-producer relations in understanding demand and in shaping technological change brought about by Bianchi (1998) , Metcalfe (2001) and Witt (2001) contributes a new approach to the economics of diffusion. The new approach focuses the role of adoption as an active process. Adoption, like other consumption, cannot be regarded as a passive attitude. It requires, instead, the active participation of users not only in terms of the search and eventual choice among a range of existing products, but also and mainly in terms of a specific and dedicated activity of adaptation of available products, either brand new, just introduced, or existing ones, to the localized and idiosyncratic needs and constraints of users, as shaped by irreversibility, routines and switching costs.
Adoption is the result of a complex process of decision-making. Firms are induced to change their technology when product and factor markets conditions do not meet their expectations and irreversible choices make adjustments expensive. Technological change consists both of the introduction of original 'never-seen' before technologies and the adoption of technologies that had been already put in place elsewhere. Even adoption in fact requires that a number of highly specific and idiosyncratic problems of adaptation and integration be solved. Moreover adoption requires that a number of preliminary activities are carried out such as the search, the selection, the identification, the adaptation and the integration into the production process and the firm at large. Technological change, for each firm, is the result of both research and adaptation activities. Both command resources and engender specific revenues. Localized technological change consists of creative adoption where external knowledge and embodied technologies are implemented with internal competence and idiosyncratic knowledge acquired by means of learning processes. The identification of the net profitability of adoption as defined by the gross profitability of adoption minus adoption costs contributes the economics of technological change. The analysis of the evolution of the net profitability of adoption in the context of the economics of localized technological change shows that the dynamics of creative adoption is able to generate a S-shaped diffusion path at the aggregate level.
The rest of the paper articulates this approach as follows. Section 2 recalls the basic acquisitions of the economics of diffusion and adoption and elaborates the notions of induced adoption, adoption costs and net profitability of adoption. Section 3 presents the model of localized technological change consisting of both the induced introduction of new technologies and the induced adoption of technologies already available in the market place. Section 4 shows that proper modeling of the dynamics of adoption costs and gross profitability of adoption can lead to the standard S-shaped diffusion processes. The conclusions summarize the results of the work.
Adoption and diffusion in the business sector
The distinction between innovation and imitation has been first introduced by Joseph Schumpeter and eventually has become a landmark in the economics of innovation and new technology. A new technology, either a new product or a new process is first introduced by an innovator and eventually imitated by competitors. Imitators copy the innovation and in so doing enter the market and reduce the excess profits of the innovator. Imitation feeds diffusion and restores perfect competition.
The adoption process, that is the mechanism and the duration of the time spell by means of which innovations are being introduced and used by all perspective users, has been studied in great detail and the notion of diffusion has been eventually introduced. The economics of diffusion addresses relevant questions about the characteristics and the determinants, and the effects of the adoption process. The most controversial issue is why adoption is not instantaneous and all firms do not adopt at the same time the innovation (Stoneman, 1976 (Stoneman, , 1983 (Stoneman, , 1987 .
The analysis here concentrates on adoption and diffusion of new technologies in the business sector, referring not at all to the adoption of new products by households, since the decision problem in the case of households much differs from that of firms. When households are considered the innovation under scrutiny can only be a new product. When firms are the potential adopters and imitators, the innovation can concern the full Schumpeterian range of innovations.
Adoption consists in the purchase of a new capital good, a new intermediary input or a new organizational procedure that has been supplied by upstream producers. Imitation consists of the replication of a new conduct, a product, a process, a market or an organizational procedure, first implemented by another firm. The adoption of a new capital good can be the result of the imitation of a process innovation. Imitation, defined as a form of herd behavior, however is only one of the many possible causes for delayed adoption. Much work has been going on to identify possible factors for delayed adoption either on the demand or the supply side. Other relevant factors include: (a) the reduction of information costs; (b) network externalities; (c) irreversibilities and sunk costs; (d) changes in factor markets; (e) the decrease of extra-profits and hence market prices; (f) the reduction in production costs associated to learning processes or increasing returns and hence the reduction in the market prices; and (g) the introduction of incremental innovations that implement the original innovation so as to better satisfy the needs of additional groups of adopters.
Let us analyze in more details these approaches with a closer attention upon the analysis of the dynamics mechanisms at work and the underlying assumptions. When the drivers of the dynamics are found on the demand side, diffusion, here, is defined as the process of delayed adoptions and imitations of a given innovation, with fixed economic characteristics, including the performances and the price, which takes place because of dynamics on the demand side in a population of heterogeneous agents.
The well-known epidemic contagion has provided the first and most famous frame to understand the process: in a population of heterogeneous agents, characterized by information asymmetries and bounded rationality, adoption is driven by the dissemination of information about the effective profitability of adoption carried out by all those who have already adopted (Griliches, 1957) .
As soon as the information about the advantages provided by the innovation becomes available to the potential adopter, the adoption will take place. Diffusion, defined as a sequence of adoption lags, is fully explained by the characteristics of the spreading of the information. For the same token, technological resilience, i.e. the
